Abstract
Introduction

59
In recent decades, land-terminating glaciers and ice caps have thinned and receded in elevational range of ~800 m, which covered most of the glacier ( Figure 1) Figure 3a shows the meteorological data recorded at DGA during the fieldwork Table 1 ). This shows the strongest lapse rates, commonly <-10.0 °C km -212 1 , during the early afternoon hours, with hourly lapse rates generally between about -7 and -
213
8°C at other times. Therefore, these lapse rates were mainly slightly smaller than the dry 214 adiabatic lapse rate (DALR) of -9.8°C km -1 , and it was only at 15:00 that the DALR was on 215 average exceeded (greater negative values). These super-adiabatic lapse rates could be due to (Table 3 ). The latter case is the only reversed (negative) lapse rate value in the whole of 226 Table 3 , where the normal lapse rate profile (temperature decrease with height) temporarily 227 changes sign at 18:00 on average over the six days (there is another, already mentioned near-228 neutral lapse rate of -0.3°C km -1 for S3-S2 at the same time).
229
These early afternoon large drops/reversals in lapse rates are mainly related to the than Station 2, so it could be that a local effect of the glacio-morphology influences the 241 surface energy balance, and this effect may delay the timing of the peak daily temperature at
242
Station 2. We postulate that this is because the generally smoother, brighter ice surface at
243
Station 2 takes longer to respond to increasing solar radiation during the first half of the day.
244
The 2-m night-time temperatures at S3 (Station 2) and S5 (Station 3) are very similar but 245 mid-afternoon temperatures are much higher at S3 (by over 2°C at 18:00, hourly data (Table 5 ). Figure 5a shows occasional 2-1 m air temperature differences for 277 individual days as great as ±4°C based on 1-min data. For the mean daily profile, greatest 278 differences were between 13:00 and 20:00 UTC, and briefly exceed 1.5°C at S6-S7 (Station 
Analysis of high-frequency (1-min) temperature and lapse-rate data
303
In this section we carry out a more detailed analysis of the 1-min data from the Table 6 , and daily mean and mean daily lapse rates between various pairs of 307 Tinytags are given in Table 7 . Near surface air temperature lapse rates for the full elevation 308 profile (S4-S2 at 2-m and S9-S1 at 1-m height above the surface) were on average ~1. for S6-S2 and S7-S1 (both are Stations 4-5) on 24 March (Table 7) . This more moderate 317 lapse rate on the lower reaches of the glacier may also be related to changes in the surface Figure 4a ; a similar feature is seen in the S1 profile in Figure 6b . 
Comparison of Tinytag and Logtag temperature data
346
The main Tinytag temperature data were compared with a supplementary LogTag 347 temperature sensor that was also included in each screen. Mean temperature differences of 
Summary and conclusions
368
Our results show that near-surface lapse rates on Glacier Gamma were generally glacier meteorology (most such studies do not measure air temperature at multiple heights).
377
Our relatively low-cost Tinytag network was able to resolve these vertical temperature findings is that lapse rates -especially in daytime -can be highly spatially and temporally 387 variable (at the 1-min to 1-hour timescale) across a small glacier, and therefore computer 388 models of glacier melt can benefit significantly through having this kind of high-resolution 389 information on surface air temperature lapse rates.
390
Moreover, we suggest that the assumption of linear lapse rates in glacier melt models 391 appears not to be valid, at least on the sub-hourly timescale, and meteorological monitoring 
